A hint of a new resonance at a mass of 750 GeV has been observed in the diphoton channel of LHC Run 2 at √ s = 13 TeV. The signal rate is too large to interpret it as a new Higgs boson in the context of weakly-coupled renormalizable models. One way is to reduce its total decay rate, which is possible if the CP-even heavy Higgs boson H 0 in the aligned two Higgs doublet model becomes top-phobic. To ensure sufficient gluon fusion production, we introduce vector-like quarks (VLQ).
I. INTRODUCTION

Very recently the ATLAS [1] and CMS [2] collaborations have announced hints of a
new diphoton resonance at a mass of 750 GeV, based on the 3.2 fb −1 and 2.6 fb −1 data at √ s = 13 TeV respectively. The local significance of the diphoton excess is 3.6σ for the ATLAS and 2.6σ for the CMS. Including the look-elsewhere effect between 500 GeV and 4 TeV in the ATLAS data and between 200 GeV and 2 TeV in the CMS data, a global significance becomes less than 2.3σ for the ATLAS and 2σ for the CMS. The observed excesses in the diphoton invariant mass spectrum correspond to the production cross section times branching ratio of 2.4 − 4.8 fb according to the total decay width of the resonance particle. Two signal rates of the ATLAS and CMS are compatible with each other.
While the excess of the data can yet be regarded as a statistical fluctuation which would be gone away with more data, it can be really the signal of a new particle. In this study,
we explore a possibility that this diphoton excess is due to a decay of a new boson. In the literature, there are many studies in this direction . By virtue of the Landau-Yang theorem [93] , the new boson cannot be a spin-1 particle. A spin-2 particle such as a heavy graviton is unlikely because it has universal couplings proportional to the energy-momentum tensor, and should have left similar excesses in other final states like + − . Therefore we consider the best possibility that the resonance is a spin-0 particle.
A strong candidate for the new spin-0 particle is a heavy neutral Higgs boson coming from physics beyond the Standard Model (SM) such as two Higgs doublet models (2HDM) and minimal supersymmetric SM. However the usual heavy Higgs boson in the context of weakly-coupled renormalizable models has a difficulty in explaining the unexpectedly large diphoton signal rate. For example, usual heavy Higgs bosons H 0 and A 0 in the 2HDM require more than three copies of vector-like quarks (VLQs) with exotically high electric charges to explain the observed σ · B [6] . There are three ways to enhance the signal rate:
(i ) increasing the production cross section, (ii ) increasing the diphoton decay rate, and/or (iii ) decreasing the total decay rate. Methods (i ) and (ii ) have been extensively studied in the literature for various new physics models. However the method (iii ) has not been much focused yet, which is actually one competent way to obtain the relatively large diphoton signal.
We shall show that this possibility can be naturally achieved in one of the most popular new physics models, the aligned 2HDM. 
where we take s x = sin x, c x = cos x, and t x = tan x for simplicity of notation, α is the mixing angle between h 0 and H 0 , and t β = v 2 /v 1 . Although the current LHC Higgs precision data can also be explained by H 0 [96] [97] [98] [99] [100] [101] [102] [103] , the observed 125 GeV state is set to be h 0 . We take the alignment limit [104] , s β−α = 1, so that h 0 has the same couplings as the SM Higgs boson [105] .
We consider the case where the 750 GeV state is the heavy CP-even Higgs boson H 0 :
We also assume that the pseudoscalar A 0 and the charged Higgs H ± are so heavy that they do not affect the neutral Higgs decays and productions. In this study we do not consider the 
Type II:ŷ
In both Type I and Type II, large t β yields the top-phobic H 0 , for which we require Γ(
Note that large t β leads to small α in the alignment limit. In Type II,ŷ H b andŷ H τ are proportional to t β : too large t β is to be excluded by the τ + τ − resonance searches at the 8 TeV LHC [112, 118] .
B. Contributions of Vector-like Quarks
To provide sufficient gluon fusion production of the top-phobic H 0 , we need new contributions to the triangular loops for the H 0 -g-g vertex. For the purpose, we take into account extra VLQs consisting of
The interactions of VLQs are described by various experiments constrain mixing parameters and coupling constants. It is beyond the scope of this work to study those constraints in detail, and thus we simply assume that they are small enough.
There exist upper bounds on the masses of VLQs from the direct searches at the Tevatron and LHC. If the main decay mode of VLQs includes the third generation quarks such as V b and V t, the mass bounds for VLQs are rather strong: M VLQ 400 − 600 GeV [120] . If VLQs mix only with lighter generations, the mass bounds become less than 400 GeV [120] .
In what follows, we take the lighter mass of VLQs to be around 400 GeV, which is possible by assuming that the VLQs dominantly decay into light quarks.
After the two Higgs doublet fields acquire VEVs, the mass matrices of the VLQs are given by 
Here y f U and y f D are the Yukawa couplings in the mass eigenstates, given by
where θ U,D are the mixing angles of M U,D in Eq. (6).
The new VLQs contribute to Higgs decay rates to γγ and gg at one loop level. In order to incorporate the NNLO QCD and NLO EW corrections to the h 0 /H 0 production and decay, we take the well-known SM Higgs boson results for the gluon fusion production cross section and decay rates, and multiply them by the relative factor c h/H jj (j = g, γ):
where M H SM = 125 GeV for c The decay rates of h 0 and H 0 into γγ and gg in the VLQ-2HDM are 
where B In Type II, the VLQ contributions to the amplitudes are
It is clearly seen that since α 1, y f U contribution is dominant to the Higgs precision data while y f D contribution is dominant to the 750 GeV diphoton data. Large signal rate of gg → H → γγ requires sizable y f D but the SM-like Higgs data do small y f U . This feature combined with large t β has an important implication on the VLQ mass matrices in Eq. (6).
In Type II, the off-diagonal elements of M U and M D become smaller than the diagonal elements if we assume m Q,U,D 400 GeV. The mixing is subdominant.
C. Enhanced diphoton rate of the top-phobic H 0
One of the main reasons why the possible 750 GeV state with σ · B ≈ 2.4 − 4.8 fb cannot be the SM-like Higgs boson is the extremely small diphoton branching ratio of H SM 750 [118] . In order to dramatically enhance it, we take the alignment limit and the top-phobic H 0 , which
The diphoton branching ratio, the gg → H → γγ signal rate, and the gluon fusion prohibits the decays into V V and suppresses the decay into tt respectively. In 
III. NUMERICAL RESULTS
The main question of this study is whether the top-phobic H 0 in the aligned VLQ-2HDM
can explain the possible 750 GeV state while satisfying the other LHC constraints. We consider the following three classes of observations: 
Higgs precision data:
We impose the constraints from the Higgs precision data, particularly the ATLAS [108] and CMS [109, 110] 
(e) σ(pp → H → ZZ) ≤ 20 fb [115] .
When computing the signal rates, we use the SM results of the gluon fusion production cross section at √ s = 13 TeV of σ(H SM ) = 0.85 pb [117] . The diphoton signal rate is
The NNLO QCD and NLO EW corrections are naturally included. We do not consider the interference with the continuum background [116] . The LHC 13 prospects on σ(gg → H) · B in the bb, tt, τ + τ − and γγ channels for the top-phobic H 0 are presented in the right panel. As can be seen from the branching ratio, the bb has the largest signal rate of about 400 fb and the tt has the second largest rate ∼ 110 fb. However huge QCD backgrounds shall make it difficult to measure the signal in these hadronic channels. The τ + τ − signal rate about 60 fb is very promising at the 13 TeV LHC.
IV. CONCLUSION
A hint of a new resonance at a mass of 750 GeV has been observed in the diphoton channel of LHC Run 2 at √ s = 13 TeV. We have investigated if a top-phobic heavy neutral
Higgs boson in the aligned two Higgs doublet model can be responsible for the diphoton excess. The relatively large signal rate observed at 13 TeV is efficiently accounted for by reducing the total decay width and thus increasing the diphoton branching ratio. One good example is the top-phobic H 0 in the aligned 2HDM. We also introduced vector-like quarks so that their couplings to the top-phobic Higgs guarantee sufficient gluon fusion production. 
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